Summary.
Distribution of two heparin-binding molecules, pleiotrophin (PTN) and midkine (MK), was investigated by immunohistochemistry in the lingual epithelium of the adult rat. In the lingual epithelium, both PTN-and MK-like immunoreactivities were observed in its basal cell layers, showing a mesh-like appearance. These molecules were also found along the surface of the taste bud cells; an intense immunoreaction was detected at the base of the taste buds in the circumvallate and foliate papillae. At the electron microscope level, the immunoreactive products were localized on the cell surface and basement membrane at the base of the taste buds. The immunoreactivity for PTN was distributed more diffusely than that for MK. It was suggested that these molecules may be involved in the differentiation and maintenance of taste bud cells, possibly via their trophic effect upon approaching nerves.
Pleiotrophin (PTN), initially isolated from the neonatal rat brain (RAUVALA, 1989) and bovine uterus (MILNER et al., 1989) , is a heparin-binding protein. Midkine (MK) was first isolated as a retinoic acid-inducible molecule in embryonic carcinoma cells (KADOMATSU et al., 1988) . Biochemical analysis on cDNA cloning and an amino acid sequence has shown an approximately 50% homologue in protein structures between PTN and MK (LI et al., 1990; MERENMIES and RAUVALA, 1990) . Both PTN and MK have similar physiological functions in vitro ; neurite outgrowthpromoting activity on embryonic rat brain neurons in culture (RAUVALA 1989; LI et al., 1990; KIKUCHI et al., 1993; RAUVALA et al., 1994) , stimulation of neuronal survival (SATOH et al., 1993) , and mitogenic activity toward rat fibroblasts (MILNER et al., 1989; FANG et al., 1992) . In situ hybridization histochemistry in the rat has revealed the developmental expression of PTN mRNA in many neurectodermal and mesodermal lineages, except for the endoderm, ectodem and trophoblast. Interestingly, PTN mRNA was detected in the basal layers of the lingual epithelium, which has been the only epithelium and ectodermal derivative expressing this mRNA after birth (VANDERWIN-DEN et al., 1992) .
Immunohistochemical study has also demonstrated both PTN-and MK-like immunoreactivity occurring in the lingual epithelium in fetal mice (MITSIADIs et al., 1995) . These authors, however, did not pay attention to the expression of these proteins in the taste buds where continuous neural-epithelial interaction occurs.
A recent immunohistochemical study has shown the occurrence of heparan sulfate proteoglycan (HSPG), a component of the basement membrane, in the basement membrane in the sheep circumvallate papilla (MISTRETTA and HAUS, 1996) . Since both PTN and MK are capable of binding to HSPG with high affinity and presumably play regulatory roles in differentiation and morphogenesis in various organs during development, their expression would be expected in the taste buds.
In the present study, we report the immunohistochemical localization of PTN and MK in the lingual epithelium of the posterior portion of the tongue in adult rats.
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MATERIALS AND METHODS
All experiments were reviewed and approved by the Osaka University Faculty of Dentistry Intramural Animal Care and Use Committee prior to the experiment. Five Sprague-Dawley male rats, weighing 250-300 g, were obtained from Nihon Dobutsu, Osaka, Japan. The animals were deeply anesthetized with chloral hydrate (600 mg/kg, i.p.) and perfused transcardially with 0.02 M phosphate-buffered saline (PBS) followed either by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) for light microscopy, or by a mixture of 4% paraformaldehyde and 0.05% glutaraldehyde in 0.1 M phosphate buffer for electron microscopy. Circumvallate and foliate papillae were dissected out, post-fixed in 4% paraformaldehyde in 0.1M phosphate buffer for 1-2 days at 4t, and cryoprotected in 20% sucrose/PBS at 4t overnight. Tissues were cut transversely at a thickness of 14 p m with a cryostat, thaw-mounted onto poly-L-lysine-subbed glass slides, and air-dried for at least 60 min prior to processing for light microscopic immunohistochemistry. For immunoelectron microscopy, circumvallate papillae were cut at a thickness of 60-80um with a Microslicer (Dosaka EM, Kyoto), collected in 0.02 M PBS, and treated as free-floating sections.
Sections were rinsed several times in 0.02 M PBS, and treated with methanol containing 0.3% H2O2 to block endogenous peroxidase for 30 min. They were then incubated with 3% normal swine serum (NSS; Sigma, St. Louis, MO) and 1 % bovine serum albumin (BSA; Sigma) for 30 min at room temperature to reduce non-specific background staining, and were incubated either with polyclonal rabbit anti-PTN serum (1:200) or with polyclonal rabbit anti-MK serum (1:500) for 16-18 h at room temperature. Characteristics of these primary antibodies have been reported elsewhere MATSU-MOTO et al., 1994) . Sections were incubated with biotinylated swine anti-rabbit IgG (1:300; Dako, Denmark), and subsequently with ABC complex (Vector, Burlingame, CA) for 90 min each at room temperature.
Horseradish peroxidase (HRP) was developed by incubation in 0.05 M Tris-HC1 buffer containing 0.04% 3,3-daimino benzidine (DAB) and 0.003% H2O2 with 0.08-0.1% nickel ammonium sulfate (NAS) intesification. They were counterstained with methyl green, dehydrated through an ascending series of ethanol, and cover-slipped with Permount (Fisher Scientific Inc, NJ).
The protocol for immunostaining for electron microscopy was identical to the light microscopy as described above, except that NAS intensification was omitted. Following the DAB reaction, sections were osmificated with 1% 0504 in 0.1 M cacodylate buffer for 30 min at room temperature, dehydrated, and embedded in Epon 812 resin. Ultrathin sections were cut with a diamond knife, slightly stained with uranyl acetate and lead citrate, and examined with a Hitachi transmission electron microscope (H-7000, Hitachi Co. Ltd., Tokyo, Japan) at an accelerating voltage of 75 kV.
For immunohistochemical controls, sections were incubated either with non-immune rabbit serum or with PBS instead of the primary antibody.
RESULTS AND DISCUSSION
As the distributions of PTN-and MK-like immunoreactivities were similar between the circumvalate and foliate papillae, we will deal here only with the former papillae.
In the circumvallate papillae, PTN-like immunoreactivity was detected in the epithelium covering the papillae and taste buds as well as the lingual epithelium in the vicinity (Fig. la) . In the lingual epithelium, PTN-like immunoreactivity was observed in the basal layers of the epithelium, showing a meshwork appearance (Fig. lb) . This appearance apparently was caused by the immunoreactivity condensed to the surface of the epithelial cells. The distribution of PTN-like immunreactivity in the apical epithelium of the circumvallate papilla was almost comparable to that observed in the lingual epithelium (Fig. la, b) . In the taste buds, a strong immunoreaction for PTN was found in the lateral periphery and in the base of the taste buds (Fig, ic) . In immunoelectron microscopy, reaction products were confirmed to be localized on the surface of cells and in the basement membrane at the base of the taste buds (Fig. id) ; they were lacking in the neuronal elements.
The immunoreactivity for MK in the circumvallate papillae and lingual epithelium was similar in distribution to that for PTN, except that the latter was more diffusely observed than the former (compare Fig.  1 with Fig. 2 ). Neither PTN nor MK-like immunoreactivity was recognized in the lingual musculature. Sections incubated either with non-immune rabbit serum or with PBS showed no immunoreactions. The present study revealed the cellular localization of PTN and MK in the lingual epithelium at the light and electron microscopical levels. To our knowledge, this is the first report to provide evidence supporting the presence of PTN and MK in the taste buds of adult animals. In the oral epithelium of fetal mice, MK-like immunoreactivity in the palatal rugae and lingual epithelium, essentially in accordance with the present findings. They could not examine the occurrence of MK-like immunoreacitivity in the taste buds since these appear after birth in the circumvallate papilla of the mouse (WAKISAKA et al., 1996) . The present findings on PTN-like Immunoreactivity occurring in the basal cell layers of the lingual epithelium are in agreement with the results of a previous study on the expression of PTN mRNA in adult rats (VANDERWIN-DEN et al., 1992) suggesting that these cells synthesize and secrete PTN, which may act in an autocrine manner as proposed by RAUVALA (1989) .
It is known that both PTN and MK molecules bind to HSPG with high affinity. A part of their localization in the basal epithelial cells as shown in the present immunohistochemical study was close to that of HSPG in the basement membrane between the epithelial and mesenchymal tissues (MISTRETTA and HAUS,1996) , suggesting that PTN and MK may bind to HSPG. We were actually able to demonstrate PTN and MK immunoreactivities in some parts of the basement membrane.
The functional significance of PTN/MK in the taste buds remains to be elucidated. Ultrastructurally, the taste bud consists of four types of cells: type I, type II, type III (or gustatory) and basal cells. Type I-III cells extend from the basal region to the apical end of the buds, while the basal cells are located at the basal end. They are progenitor cells which differentiate into the above three cell types (TAKEDA and HOSHINO,1975; YOSHIE et al.,1990 ). Although we could not identify which types of those cells were immunoreactive for PTN and MK, intense immunoreactions on the cell surface at the base of the taste buds suggest that both PTN and MK may participate in the differentiation of basal cells to other types of taste bud cells as membrane-bound molecules rather than as soluble growth factors.
It is known that the gustatory nerve is responsible for the structural and functional maintenance of the taste buds since its transection results in the degeneration of the taste buds (GUTH, 1957; STATE and BOWDEN, 1974) . The gustatory nerves penetrate into the taste buds from the base of the buds (KANAZAWA and YOSHIE,1996) , where strong immunoreactions for PTN and MK have been noted as demonstrated in the present study. Since these molecules have neurite growth effects on certain neuronal cells in the central nervous system (RAUVALA, 1989; LI et al., 1990; KIKUCHI et al., 1993; RAUVALA et al., 1994) , they may also participate in the maitenance of the taste buds by influencing the gustatory nerves.
In conclusion, the present immunohistochemical study revealed the presence of both PTN and MK on the cell surface at the basal cell layers of the lingual epithelium. Strong immunoreactions were further detected in the base of the taste buds and around the taste bud cells, suggesting the involvement of these heparin-binding molecules in the differentiation and maintenance of taste bud cells, presumably by trophically activating their nervous supply. Further analysis on the expression of these molecules and N-syndecan, a putative neuronal cell surface receptor for PTN KINNUNEN et al., 1996) , during the development and regeneration of taste buds will be required to elucidate their possible functions in the gustatory epithelium.
